The study explored the effect of cooperative learning on Grade 12 learners' performance in projectile motions. A quasi-experimental research design with non-equivalent control group was used. Two schools were purposively selected from Maleboho Central circuit in South Africa based on their performance in Physical Sciences Grade 12 results of 2011. The sample consisted of 49 learners from two schools. School A was used as the Experimental Group (EG) and was taught using cooperative learning technique while school B was the Control Group (CG) taught using traditional teaching methods. Pre-and post-tests were used to collect data. Data were analysed using descriptive statistics: arithmetic means and standard deviations; and inferential statistics: independent student t-test, Analysis of Covariance (ANCOVA) and Cohen's d. Results show that EG outperformed the CG suggesting that cooperative learning technique enhanced learners' performance more than the traditional talkand-chalk teaching approach.
INTRODUCTION
In a classroom, learners can interact as competitors or as co-operators of learning. In a competitive classroom, learners' goals and achievements are negatively correlated while in a cooperative classroom learners' goals are linked and positively correlated (Johnson & Johnson, 1994) . Cooperative learning in educational research is reported to be a successful pedagogy because learners work towards a common purpose (Deutsch, 1949) . These results in learners assisting one another and consequently both the high and low academic achievers benefit. In a science classroom cooperative learning may improve learners' future peer consultations as it is in the real world. Thus, the use of cooperative learning is often deemed useful in a science classroom to break down one individual prejudice. Despite cooperative learning overwhelming benefits, its use and effects in the South African schools has received little attention. Despite the importance of cooperative learning in CAPS, teachers rarely use it to teach Physical Sciences in Maleboho Central circuit. Teachers present many factors preventing them from using cooperative learning strategy. These include lack of background training in the use of active learning approaches; lack of prepared materials for use in the class; the fear that learners may resist collaborative learning strategies; fear to lose time for content coverage and lack of confidence in trying new methods. The purpose of this study was to explore the effect of cooperative learning on Grade 12 learners' performance in projectile motions. Also, to find out if cooperative learning approach is biased towards one gender. Therefore the following question guided the study: What is the effect of cooperative learning on learner's performance when compared to traditional learning of projectile motions in Physical Sciences? The hypothesis explored was that learners taught using State of the literature  Learners' interactions in science classrooms is competitive or cooperative. In a competitive classroom learners' goals do not match their performance which is not the case in a cooperative classroom. While both competitive and cooperative strategies have been studied, there is little information regarding cooperative learning on specific science topics in science.  Cooperative learning enhances students learning through social norms like decisionmaking, conflict management and communication.  Thus, the central goals of cooperative learning in science education is to improve performance.
Contribution of this paper to the literature
 This study contributes to the knowledge of social constructivist learning where learning is not in isolation of others but in an inclusion of them as a stepping stone in order to develop higher order thinking skills.  Cooperative learning in projectile motions improved learners' performance and is thus, more profitable than the traditional learning approach. The hypothesis that learners taught using cooperative strategy perform better than those taught using traditional learning cannot be rejected.  Also, cooperative learning strategy is not biased towards any gender because in this study boys and girls performed equally well.
cooperative learning technique perform better than those taught using traditional learning.
THEORETICAL FRAMEWORK
The research was informed by the theory of constructivism (Vygotsky 1978) . Matthews (2000:161) contends that "constructivism is undoubtedly a major influence in contemporary science and mathematics education". In essence, constructivism is described as a learning theory that claims that: "knowledge is not passively received, but is actively built up by the cognising subject"; and "that the function of cognition is adaptive and serves the organisation of the experimental world" (Matthews, 2000:175) . Carr, Jonassen, Litzinger and Marra (1998:5) also mention that constructivism emphasises learner activity and how learners construct knowledge as a process of making sense and giving meaning. Furthermore, Vygotsky (1978) emphasises the importance of "social interaction" in learning that often forms social cohesion (Johnson & Johnson, 1994) , while Atherton's (2003:1) contends that interaction entails the social issues and how they are communicated during the learning process. Similarly, Carr et al. (1998:5) argue that constructivism enables learners to "talk to one another about their learning". What is important during cooperative learning is that learners are compelled to "crystallise what may be internally fuzzy into concrete words, and encourages knowledge synthesis and meaning making" (Carr et al., 1998:8) and this is why social constructivism theory is deemed fit for this study. O'Donnell (1999) suggested that when learners interact with their peers, learning is mediated and more often than not complete tasks they would not on their own. In this way, a complex and dynamic relationship between learning and development can be determined by Zone of Proximal Development (ZPD), which refers to the area between a learned level of independent performance and of assisted performance (Vygotsky, 1978) . Also, the potential of learners can emerge when they interact with peers and in this way there is gain of knowledge from others.
METHODOLOGY Design
A quasi-experimental design with non-equivalent control-group was used. Quasiexperimental designs are normally used when causal inference is desired and the participants cannot be manipulated (Schoenfeld, 2006) . Sample Two schools in Maleboho Central Circuit were purposively selected based on their low Physical Sciences matric results of 2011. The sample for the study comprised of 49 Grade 12 learners from two schools. Class A (EG) consisted 23 learners (11 boys: 12 girls) from one school and class B (CG) had 26 learners (11 boys: 15 girls) from another school.
Instruments
A pre-test and a post-test were used to collect data. Three Physical Sciences teachers checked pre-post-tests for face validity. For reliability a pilot study was conducted with 10 learners who were not part of the study. The calculated Cronbach Alpha was 0. 88, which show that the instruments were suitable to be used in the study. Also, any question that was not clear was adjusted for clarity before instruments were administered.
Procedure
Pre-test with 17 open-ended questions was administered to EG and CG to determine their level of understanding before intervention. Both EG and CG were taught by one of the researchers. EG was taught using cooperative learning which included teacher designed activities (sample Appendix A) such as group discussions, problem-solving and hands-on activities. CG was taught using traditional approach or chalk-and-talk.
In the post-test, the 17 open-ended questions of the pre-test were administered but this time the numbers were rearranged to minimise recognition effect (Kibirige & Teffo, 2013) .
Data analysis
Data from the pre-and post-tests were analysed using descriptive statistics: means and standard deviations (SD) of question items; and inferential statistics: independent student t-test, ANCOVA and Cohen's d. All data were analysed using SPSS as a tool. An independent t-test was also used to analyse the difference between the groups' arithmetic means before and after the intervention. Cohen's d was used to measure gain between the two groups after intervention. Finally, ANCOVA was used to determine if indeed the treatment had an effect on the performance.
Ethical issues
Permission was granted by the Education Department. During the process of data collection and processing anonymity and confidentiality were assured.
RESULTS
Results of arithmetic means and standard deviations of items of pre-and posttests are presented in Tables 1 and 2 respectively. Independent student t-test are presented in Tables 3, 4 , 5 and 6, Cohen's d as well as ANCOVA are presented in Tables 7 and 8 , respectively.
Results of arithmetic means and standard deviations of question items
In Table 1 , pre-test shows results for CG versus EG with p values ranging from 0.6 to 0.95 (p > 0.05). Thus, there are no significant differences between the EG and CG scores (Figure 1) suggesting that learners had similar conceptual understanding of projectile motions before the study.
Post-test results in Table 2 and Figure 2 CG versus EG show that 92.86% of the test items were significantly different (p < 0.05) while 7.14% were not.
Results for the student t-test and Mann-Whitney U-test
Results for the pre/post-test EG were analysed (Table 3 ) (t= -12.20, p = 0.00). The results indicate a significant level p< 0.05, implying that there was a difference between the EG's arithmetic means before and after the intervention.
Results for the pre/post-test CG were analysed (Table 4 ) (t =-7.71; p > 0.00). The significant level (p> 0.05) implies that there was no significant difference between the CG's arithmetic means before and after the teaching.
There is an improvement with EG and CG after intervention. Post-tests results for EG and CG were analysed (Table 5 ) (U =155.50; Z =-2.88; p < 0.05). These results indicate a significance difference between the EG and CG means of the post-tests.
The mean of the EG is greater than that of CG. Therefore the results of post-test revealed that EG performed better than CG. Furthermore, the number of learners in EG is less than in CG. Hence, it is evident in the post-test results that smaller classes can benefit all pupils in terms of individuals and active attention from the teacher (Blatchford, Brown & Bassets, 2011) .
Results of a Mann-Whitney U-test in Table 6 and Figure 3 show that there were no significant differences between performance of boys and girls in EG after intervention (p > 0.05).
Gain between EG and CG after intervention
Cohen's d was used to measure gain between two groups after intervention. Results for Cohen's d are presented in Table 7 . The calculated Cohen's d for the CG was 2.33 while for the EG was 3.94.
Effect of treatment on the performance of the two groups
ANCOVA was conducted to determine if the treatment had an effect on the performance of the two groups. The dependent variable included learners' post-test scores and the covariate was the learners' scores on the pre-test. The ANCOVA results are presented in Table 8 . From Table 8 , we see that the ANCOVA p-value was significant (p <0.05).
DISCUSSION
This study explored the effect of cooperative learning in Grade 12 learners' performance on projectile motions. A pre-test was given to both groups (EG and CG) and the results show that there was no significant difference in performance of learners from both groups (T-test, p > 0.05; Table 1 ), suggesting that learners in the two groups had similar understanding of concepts before intervention. However, in the post-test, the mean of the EG is greater than that of the CG (U =155.50; Z =-2.88; p < 0.05). This indicates that learners in the EG performed better than learners in (2008) which show that performance and motivation of learners improve when cooperative learning is used in science classroom. In cooperative teaching, learners are treated differently when compared to the traditional chalk-and-talk classrooms: learners are encouraged to take responsibility for their own learning which occurs through experiences; learners have to consider self-evaluation and focus on factors that contribute to achieving meaningful solutions (Mitchell, 2010:4) . In fact, cooperative teaching method engages learners twice as effective as traditional method does (Hake, 1998) . The engagement may ultimately result in high performance when compared to passive learners (MacManaway, 1970) . However, for this to happen, teachers need to be aware of learners' capacities, needs and past experiences and must be able to use this information to create a learning situation in which learners solve a problem in an autonomous and independent way (Watkins, 2005:135) . Furthermore, the social cohesion perspective (social interdependence theory) results in effective communication, mutual influence, trust, and constructive management of conflict (Johnson & Johnson, 1994) . This suggests that the effects of cooperative learning are largely dependent on the cohesiveness of the group and also on their ZPD on others in the group. These findings are not surprising because cooperative learning involved tasks that raised contextual issues unlike in the traditional teaching method. Furthermore, Even and Kvatinsky (2009) reiterate that, in the cooperative learning, the teacher is vital for initialising learners' processes of knowledge construction. The instructional practices are supposed to be characterised by limited teacher intervention and by interaction and communication between learners. Hence this study shows that teaching learners using cooperative learning technique result in higher learning gains than those taught using chalk-andtalk method (Table 7) . Our results underscore the importance of collaboration between learners and the teacher as they engage in a cooperative enterprise that implies a continual and cohesive process of activity, reflection, analysis and the enhancement of critical reflection. In this cohesive perspective, learners help each other to learn because they care about the group and its members and come to derive the benefits of self-identity from group membership (Nichol & Boyle, 2003) . Most important is that cooperative learning exploits the diversified abilities of learners to increase their cognitive, psychological and social performance, and as such, it is an effective way to address the problem of individual differences (Nichol & Boyle, 2003) . Our findings resonate with the work of Mercer and Hodgkinson (2008) who emphasise the central importance of classroom talk in promoting learning. Classroom talk entails teachers' talk with learners and learners' talk amongst themselves in paired or group activities. This is seen as dialogic teaching which is: collective, supportive and reciprocal, through the sharing of ideas and alternative viewpoints; and cumulative, in group-based and whole-class situations (Mercer & Hodgkinson, 2008 , Kibirige & Maoko, 2014 . This may be so because teachers ask learners a lot of questions, creating the initiation-response-follow up/feedback dialogue (Mercer & Hodgkinson, 2008) . Teachers offer class summaries of what they consider to be salient features of the activity, which can help learners to relate activity to past experience (Smith & Higgins, 2006) . Thus, "Good teaching is generally seen as the ability to set a certain emotional climate, to use learners' experiences as educational resources, to provide plenty of evaluative information to learners, and to encourage collaboration and participation" (Smith & Higgins, 2006:491) . Furthermore, the ANCOVA results clearly show that EG and CG were different in performance and the differences were due to the treatment and not by other variables (Table 8) . Therefore, the hypothesis that learners in the EG taught using cooperative learning technique perform better than those learners in the CG taught using traditional learning cannot be rejected.
Results of Mann-Whitney U-test (Table 5) show that there were no significant differences between performance of boys and girls in EG after intervention (p > 0.05). This is supported by Ridley and Novak's (1983) hypothesis that gender differences in science achievement is due to differences in the type of learning activities used in class. As girls progress through secondary grades, they become less confident of their academic skills; thus, their career aspirations are narrowed (Morse, 1998; Else-Quest, Hyde & Linn., 2010) . Commenting on this scenario, Smyth (2010) suggests that girls need to have positive attitudes to be motivated to achieve in science. Therefore, methods of teaching like cooperative learning ensure equality of treatment and equality of opportunity for boys and girls (Nichol & Boyle, 2003) . It is most likely that cooperative learning instilled positive attitudes in girls resulting in them performing equally as well as boys in the EG. The results further show that cooperative learning can improve girls' performance in co-educational science classes. In the United States, for example, girls in non-coeducation schools had more self-confidence in their science (Morse, 1998) . The question of whether learners learn better in non-coeducation classes and schools has been a debate for decades (Morse, 1998) and the debate remains inconclusive (Sikora, 2013) . The apparent benefits of non-coeducation schooling may be attributable to selectivity on socioeconomic background or academic achievement. For example, Smyth (2010:53) argues: "It is difficult to systematically compare non-coeducation and co-educational classes. In many countries, non-coeducation schools are highly selective in their social and ability profile; even in countries with a large number of non-coeducation schools, the two school sectors differ in their intake. Therefore, "it should be accepted that there is no well-designed research showing that non-coeducation improves learners' academic performance" (Sikora & Pokropek, 2012:236) . Research in Australia concluded that non-coeducation schooling made no real difference because learner intake policies and other learner characteristics were not taken into account (Ainley & Daly, 2002) . At times non-coeducation schools in Australia routinely mix with the opposite sex from other schools for various activities, including specialised science classes (Sikora, 2013) . This suggests that mixing boys and girls from non-coeducation schools have no negative effect in performance. Nevertheless, co-education or non-coeducation may not be significant in this study because these models represent artefacts and not educational design that are vital to performance (Sikora, 2013) and this needs further study.
After teaching the CG using traditional method, the group did not perform well when compared to EG. Unlike the post-test performance of the EG who seem to have developed clear conceptual understanding of scientific procedures, the CG did not. The reasons are that learners lacked support from their peers and therefore did not learn from the social learning environment provided in the classroom. According to Vygotsky (1978) ZPD support is important because most learners experience challenges during the transition from assisted to independent learning. Therefore reducing the dependence to increase independence learning may take a while in order to yield positive results. The strength of peer support is in the interaction it fosters between learners, who by virtue of their similar ages, language, and common experience, are often "better at clearing up each other's confusions and misconceptions" than their teacher (Wood, 1997:269) . Learners need to talk to one another about their learning (Carr et al., 1998; O'Donnell, 1999) which they miss in talk-and chalk teaching approach. In fact, learners feel that discussion among themselves is helpful as attested in surveys about peer learning by Ainley, Kos, Nicholas (2008) . In their study they found that 92% of learners agreed that discussing questions with others aided conceptual understanding, 82% agreed that hearing others' explanations helped them to learn, and more than 90% reported that the moment they felt most engaged during class was when they were working with their peers in small groups. At times teachers who use talk-and chalk try to compensate for learners' passiveness in order to have learners' sustained concentration, by prompting one or two learners to participate either as volunteers or by calling learner names (Kibirige & Maoko, 2014) . These options may maintain participation but only for a short time and this is not sustainable in education. On the other hand, those learners that are vocal can give the teacher an impression that the silent majority of the class either understands or misunderstands concepts (Simpson & Oliver, 2007) . Knowledge is not always passively received; it is actually better received through active learning which assists in developing investigative skills that are vital in the modern world (Matthews, 2000) . Therefore, in talk and chalk teaching learners miss the complex and dynamic relationship between learning and development that can be determined by the area between a learned level of independent performance and of assisted performance, the Zone of Proximal Development (ZPD) (Vygotsky, 1978; O'Donnell, 1999) . This study involved a small sample and it is not clear what the results would be if a large sample was used and this may need further study.
CONCLUSION
Cooperative learning has the potential to improve performance of learners if used effectively as it was shown in this study. Also, cooperative learning may be used for both boys and girls since the results show that the method did not discriminate against gender. These findings have implications for the understanding of issues associated with low pass rate in Physical Sciences in secondary schools in Maleboho Central circuit.
